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The morphologic alterations of tissue which result from a  deficiency 
of the  thermostable fraction of  the vitamin B  complex have been 
minutely  described,  but  little  information  is  available  concerning 
those disorders of function which are present during life as indicated 
by the postmortem appearance.  Gross as well as microscopic changes 
of the hepatic parenchyma are  frequent in  canine black  tongue, a 
condition generally assumed to be the result of a deficiency of vitamin 
B~  (G),  and the disease can be prevented or cured by liver extract. 
No evidence has been advanced, however, that the histologic changes 
are associated with a  derangement of hepatic function, even though 
they may be prevented or  cured by  the  administration of hepatic 
substance.  Accordingly a study has been made of the ability of the 
liver to excrete intravenously injected bilirubin, as affected by feeding 
a diet lacking in vitamin B2 (G) and causative of canine black tongue. 
The rate of excretion of injected bilirubin as a  test of liver function was first 
described by yon Bergmann (1) and by his associate, Eilbott  (2).  The study was 
taken up by Harrop and Barron (3) and confirmed.  The test was applied by these 
workers  to pernicious anemia,  and it  was found that  liver dysfunction, by the 
bilirubin test, was a  uniform feature of that disease.  Softer (4)  applied the test 
in a study of liver function during pregnancy, and was satisfied that it was a deli- 
eate method of detecting early hepatic insufficiency.  Strauss and Castle (5)have 
published evidence that vitamin B2 (G)  (the factor which is preventive and cura- 
tive of canine black tongue) is  similar to the extrinsic antipernicious anemia fac- 
tor in its distribution and resistance to heat.  Hence it was desirable, in studying 
hepatic function during the feeding  of diets causative of black tongue, to apply 
a  test  which had been shown  to demonstrate hepatic dysfunction in pernicious 
anemia.  Therefore the quantitative  measurement of the ability of the liver to 
excrete intravenously injected bilirubin was  employed, after suitable modification 
which allowed it to be applied to the dog. 
Histologic changes in the livers of dogs dying of acute black tongue have been 
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described by Lillie (6).  In certain animals fed a diet causative of black tongue, 
and with the stomatitis which is characteristic of that condition, Sebrell (7) has 
described a  "yellow liver" associated with a very marked fatty infiltration.  This 
pathologic change,  as  well as  the less striking but  relatively constant  hepatic 
lesions of uncomplicated black tongue can be prevented by the  addition of dried 
or autoclaved yeast to the diet.  Goldberger (8) showed that black tongue could 
be prevented and cured by supplementing the diet  with the liver extract, which 
is effective in the treatment of pernicious anemia. 
Methods 
Crystalline bilirubin was obtained from the  Eastman Kodak Company.  Ex- 
periment showed that the dog has a  much greater power to excrete injected bili- 
rubin than does man, a rate of about 2 rag. per kilo per hour being common.  In 
man the excretion of 1 nag. per kilo in 4 hours is considered normal. 
2 rag. of bilirubin per kilo of body weight were dissolved in 15 cc. of 0.1 molar 
solution of sodium carbonate which previously had been brought to the boiling 
point and then allowed to cool to 80°C.  A control sample of oxalated blood was 
taken; the pigment was injected and after an interval of 5 minutes, to allow thor- 
ough mlxdng, a second sample of blood was drawn.  A third sample was taken 1 
hour  after  injection.  Perfectly dry  syringes  and  needles  were  used  to  avoid 
hemolysis.  The amount of bilirubin in the plasma was determined by the method 
of Ernst and Fi~rster (9).  The plasma was precipitated by acetone, using differ- 
ent  concentrations according to  the amount  of bilirubin in the sample.  After 
thorough shaking the mixture of acetone and plasma was  centrifuged and  read 
against the bichromate standards.  1 
The bilimbin content of the specimen taken 5 minutes after the injection, less 
the content of the first or control sample, was considered as containing 100 per 
cent of the injected pigment.  The percentage of bilirubin retained in the third, 
or 1 hour plasma, was thus calculated after subtraction of the control figure. 
The  dogs were healthy mongrel animals averaging about  8  kilos in weight. 
The diet fed was that first described by Goldberger and used in many previous 
experiments (10)  in this laboratory.  It is known to produce acute black tongue 
after 5 to 12 weeks of feeding.  Check tests of the ability of the animals to ex- 
crete intravenously injected bilirubin were made before the diet was fed and a 
normal figure was established for each animal.  During the period of diet feeding 
the tests were repeated at intervals.  The effect on the rate of excretion of bili- 
rubin which resulted from supplementing the diet with  10 gin.  of liver extract 
daily and from feeding the normal diet once more was tried.  The liver extract 
was made up to a 25 per cent solution in water and was fed by stomach tube. 
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RESULTS 
Four dogs were tested repeatedly to determine their power to excrete 
bilirubin under normal conditions, Text-fig. 1.  In three there was no 
retention greater than 5 per cent.  In the fourth animal the normal 
retention was between 12 and 15 per cent.  In the first three instances 
the next test, done 4 weeks after the diet feeding was begun, showed a 
well defined retention ranging from 18 to 30 per cent.  Test animal 4, 
with a normally low excretory function, showed no increase in reten- 
tion at this period.  At the second test done at the 5 to 7 week period 
of diet feeding, retention was present in all four animals and increased 
in three.  No evidence of black tongue was present but all were losing 
weight. 
Having established the fact of a progressive decrease in liver func- 
tion during the diet feeding, the effect of supplementing the diet with 
10 gm. daily of liver extract (Lilly N.N.R.) was studied.  In all four 
animals an increased but still somewhat subnormal excretory power 
for bilirubin resulted. 
The diet was then changed to a mixture of cooked meat, bread, and 
dog biscuit which is known empirically to maintain dogs in good health 
over a  period of years.  In  every instance the excretory power for 
bilirubin was restored to normal by this move. 
DISCUSSION 
The results are clear cut in all four animals tested, and indicate a 
progressive decrease in  the excretory power of the liver during the 
feeding of the deficient diet.  Improvement in function followed the 
addition of liver extract, a  finding in accord with the fact that liver 
extract is preventive and curative of canine black tongue.  The in- 
complete restoration of normal hepatic function following the supple- 
ment with liver extract suggests that the diet is deficient in more than 
one factor, both of which are required for normal liver function.  This 
is in accord with the findings of Ruffin and Smith (11) who showed that 
liver extract was not completely preventive of the Goldberger diet 
effect.  The defect could be remedied in our experiments by feeding a 
normal mixed diet, good evidence that permanent functional damage 
had not been caused. 
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not been ascertained.  The recent studies of Street (12) indicate that 
black tongue may be caused by feeding synthetic diets lacking the 
heat-stable  vitamin  B  complex  other  than  flavin.  Furthermore 
Koehn  and  Elvehjem  (13)  have  shown  that  black  tongue  is  not 
prevented or cured by supplementing the Goldberger diet with flavin 
(B~), but that cure is effected by a substance in the B~ complex which 
is not adsorbed by Fuller's earth or by alcohol and ether.  They con- 
sider it similar to, if not identical with, the antidermatitis factor for the 
chick (filtrate factor).  More accurate studies must await the identifi- 
cation of this substance. 
CONCLUSIONS 
1.  The feeding to dogs of a diet lacking the vitamin B~ (G) complex 
results in  a  lowered capacity of the  liver  to  excrete intravenously 
injected bilirubin. 
2.  Normal function can be party restored by supplementing the diet 
with liver extract. 
3.  Normal function can be completely restored by feeding a normal 
diet. 
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